EDTA extracts were prepared from whole cells of 16 strains of Clostridium botulinum (types A-E), 6 strains of C. novyi (types A-D) and 3 strains of C. sporogenes. They were reacted in an enzyme-linked immunosorbent assay (ELISA) with antisera raised against whole, UV-killed cells of C. sporogenes and C. novyi type A. Results showed significant cross-reactions between C. sporogenes antiserum and the C. botulinum type A (three out of four strains), proteolytic type B (all strains) and one type E strain, and between C . novyi type A antiserum and C. botulinum types C and D. All the C. sporogenes and C. novyi strains reacted with their homologous antiserum; these two species showed no cross-reactions. All the reactions were investigated further by running the EDTA extracts on SDS-polyacrylamide gels. The separated molecules were electrophoretically transferred to nitrocellulose membranes, reacted with antiserum and complexes visualized with horseradish peroxidase conjugate reagents. Only those extracts that reacted significantly in the ELISA gave a pattern of cross-reactive antigen bands and the number of bands and intensity of stain closely paralleled the strength of the ELISA reaction.
antiserum. The type A strain that did not react (A9) was not even a weak reaction; no colour was detectable by the ELISA plate reader at the lowest dilution (1 in 400) used. The two heterologous C. sporogenes strains reacted significantly with the reference C. sporogenes antiserum. No reaction was demonstrated between the non-proteolytic B, the C, the D, three out of four of the E strains and all of the C . novyi strains with the C. sporogenes antiserum. With the C. novyi antiserum only C. nouyi strains and C. botulinum strains of types C and D showed a reaction.
Polyacrylarnide gel electrophoresis and electroblot transfer
Initially, EDTA extracts from one strain of each type of C . botulinurn and from one strain each of C. sporogenes and C. novyi were run on 10% SDS-PAGE slab gels and stained with Coomassie blue (Fig. 1 a) . All patterns were complex but there were marked similarities between those of C. botulinurn types A and B (proteolytic) and those of types C and D (tracks 2 and 3, and 5 and 6 respectively).
Two duplicates of this gel (unstained) were electrophoretically transferred to nitrocellulose membranes and were probed with the C. sporogenes and C. novyi antisera. The results, after development with the horseradish peroxidase conjugate reagents, are shown in Fig. 1 (b, c) . The antiserum to C . sporogenes (Fig. 1 b) reacted significantly with C. botulinurn type A1 (track 2) and proteolytic type B25 (track 3) and the homologous C. sporogenes (track 8) EDTA extracts. In the cross-reaction with the C. botulinurn proteolytic type B25 extract many strongly staining bands were visible, the overall intensity being stronger than with the homologous reaction. The cross- reaction with the type A extract was less strong but several bands, which were common to the type B, were stained. Single faint cross-reacting bands were also apparent in the C. nouyi and the C . botulinum non-proteolytic type B extracts. The antiserum to C. nouyi (Fig. lc) only crossreacted with extracts from C. botulinum types C and D, one major antigen being present in each. In order to demonstrate fully the cross-reactions revealed by ELISA between C. botulinum strains and the two antisera and also to compare these inter-species cross-reactions with the reactions within C. sporogenes and C. novyi strains, two further electroblot transfers were done. EDTA extracts of all the strains of type A and proteolytic B, strain El 18 (see Table 1 ) of C. botulinum and the three C. sporogenes strains were run together on an SDS polyacrylamide gel. They were transferred to nitrocellulose and reacted with the C. sporogenes antiserum (Fig. 2) . Extracts from A1 and A7 (tracks 1 and 2) showed almost identical patterns with a series of diffusely staining bands at the bottom of the gel and three common bands at molecular weights of approximately 90000, 77000 and 47000. The A8 extract (track 3) was similar to A1 and A7 except that the bands were weaker in staining intensity and some high molecular weight bands were faintly visible at the top of the gel. The proteolytic type B strains (tracks 5-7) produced a much more variable reaction than the type A strains. The extract from B25 (track 5) produced a very complex pattern of strongly staining bands as already described. Reactions with extracts from B26 and B27 were much weaker but the patterns produced were similar to each other. A significant reaction was also produced by the extract from strain E l l 8 (track 8). A series of strongly staining low molecular weight bands at the front of the gel was the main feature of this pattern with a few faint higher molecular weight bands. When compared with the homologous reaction (track 10) the two other strains of C. sporogenes produced much less complex patterns (tracks 11 and 12). Again the series of low molecular weight bands was common, while there were other common bands with molecular weight of approximately 47000 and 31000.
Similarly the type C and D strains of C. botulinum and all the C. nouyi strains were run together and reacted with the C. nouyi type A antiserum (Fig. 3) . The C. botulinum types C and D (tracks 1 and 2) both produced similar patterns. A band with a molecular weight of approximately 47000 was the major cross-reacting antigen, but several high molecular weight bands were apparent at the top of the gel and there was a series of regularly spaced cross-reacting low molecular weight bands at the bottom of the gel. The reactions between the three type A C. nouyi strains were very similar to each other (tracks 4, 5 and 6). The major cross-reacting antigens had molecular weights of 48000 and 31 000 with a series of regularly spaced bands at the bottom of the gel. The C. novyi types B, C and D produced similar patterns (tracks 7,8 and 9) : there was a major band with a molecular weight of 47000 and a series at the bottom of the gel which was similar to all the other tracks on the gel.
DISCUSSION
The results obtained with the ELISA and the electroblot procedures agree closely and show conclusively that most strains of C. botulinum types A and proteolytic B (Group I) share antigens with C. sporogenes, whereas types C and D (Group 111) share antigens with C. novyi. This provides further evidence of the close taxonomic relationships between these species. In view of the limited number of strains investigated, it is not yet certain how widely these cross-reactions occur and how many exceptions there may be to the general rule demonstrated here. For example, one of the strains of C. botulinurn type A did not react, whilst one of the type E strains did react with C. sporogenes antiserum. Moreover, varying degrees of cross-reactivity could be demonstrated with the three type A and three proteolytic type B strains that cross-reacted with the C. sporogenes antiserum. This was also true for the three strains of C. sporogenes investigated, and indicates antigenic heterogeneity. Reactions within the C. novyi strains were much more uniform. No major differences were seen between the three C. novyi type A strains. The C. novyi strains of types B, C and D showed close antigenic similarity with each other and with the C. botulinum strains of types C and D.
The patterns of cross-reactivity revealed by electroblot transfer all showed some similarities. Most of the major cross-reactive bands corresponded to predominant protein bands on the Coomassie blue-stained gels. All strains that reacted with antiserum, however, also showed patterns of regularly spaced bands at the bottom of the gels. These bands did not appear to correspond to any of the protein bands on the Coomassie blue-stained gels. They were reminiscent of the patterns produced by lipopolysaccharides of Gram-negative bacteria when stained with silver (Tsai & Frasch, 1982) . It is possible that these cross-reacting antigens were lipocarbohydrate molecules from the cytoplasmic membrane (lipoteichoic acid analogues). We know that, at least for C. difJicile and C . sordelli, the membrane lipocarbohydrates are crossreacting antigens and that they are solubilized by EDTA treatment (Poxton & Cartmill, 1982) .
There was no attempt made in this study to use antiserum raised to any C. botulinum strain. The aim was to use antisera raised against cells that were as close as possible to living organisms : washing and killing with a minimum dose of UV light were the only treatments used. Obtaining undenatured cells of toxigenic C. botulinum devoid of toxin is not possible. No attempt was made to work with C. botulinum types F and G as the author was not protected against these types. 
